The intestinal protozoan parasite Entamoeba histolytica is the causative agent of amebiasis. In humans, E. histolytica can produce colitis characterized by ulceration and invasion of the intestinal wall. In advanced cases, trophozoites spread to distant organs [1] . The virulence of axenic laboratory strains of amebae is commonly assayed by their ability to disrupt monolayers of cultured mammalian cells [2] . Since cytolysis of the target cell is a major pathological feature of the disease, the factors contributing to cytolysis appear to be important in understanding the amebic invasion.
time points (0, 24, 48, 72 and 96 hr), amebae were detached by chilling on ice for 10 min, and collected by centrifugation at 500 g at 4℃. The numbers of amebae were then counted using a hemocytometer. Growth of the amebae did not differ among the 3 groups from low-iron (21.4 M), normal iron (71.4 M), and high-iron (285.6 M) (Fig. 1) . In all 3 groups, the viability of the amebae was higher than 87% during 72 hr of culture. These results indicate that iron is an essential element for multiplication of E. histolytica trophozoites, and growth was not affected among a wide range of iron concentrations.
To elucidate the effect of iron on the adherence and cytotoxicity to CHO cells by E. histolytica, adherence and cytotoxicity assays were carried out. E. histolytica trophozoites, grown in media of low-, normal-and high-iron concentrations and harvested from 48 hr cultures were washed in PBS and suspended in PBS. CHO cells, harvested by trypsinization, were washed and suspended in PBS. The amebic trophozoites (1 × 10 4 ) were mixed with 2 × 10 5 cultured CHO cells, and the mixture was centrifuged at 100 g for 5 min. The interaction was allowed to proceed for 2 hr at 37℃. Higher levels of adherence were reproducibly seen in amebic trophozoites grown in normal-and highiron media, when compared with amebae grown in a low-iron concentration (Fig. 2) . Adherence values were 62.7 ± 2.8% and 63.1 ± 1.4% for amebic trophozoites grown in a normal-and high-iron medium, respectively. Amebic adhesion to CHO cell monolayers was significantly reduced by the low iron concentration (24.6 ± 2.1%). of E. histolytica) grown in experimental media were added to each well (CHO cell / ameba ratio of 1 : 5; experimental). The cytotoxicity assay plate was incubated for 4 hr in a humidified incubator at 37℃ under 5% CO2. Forty-five min prior to harvesting the supernatants, 10 l of the lysis solution was added to the wells containing the target cell maximum LDH control. The plate was centrifuged at 250 g for 4 min and 50 l aliquots were transferred to fresh 96-well enzymatic assay plates. Subsequently, 50 l of the substrate mix was added to each well of the enzymatic assay plate and incubated for 30 min at room temperature. Finally, the absorbance was recorded at 490 nm after the addition of 50 l of stop solution. Cytotoxicity was calculated as follows:
Target maximum -Target spontaneous Amebic trophozoites cultured in the normal-and high-iron medium destroyed 69.1 ± 4.3% and 72.6 ± 5.7% of cultured CHO cell monolayers (Fig. 2) . Cytotoxicity to CHO cells of amebic trophozoites grown in the low-iron medium showed significantly lower level (2.8 ± 0.2%). When E. histolytica grown in the low-iron medium were transferred to the normal-iron Adherence medium, the cytotoxicity of the amebae was completely restored within 7 days (Fig. 3) . Microscopic examination of the amebae showed a similar appearance of cytotoxicity (data not shown). The specificity of iron modulation of cytotoxicity was tested, and the results from a typical experiment are presented in Fig.  4 . Addition of cationic salts other than iron to amebic trophozoites grown in the low-iron medium failed to restore levels of cytotoxicity to those seen for parasites under the same conditions but after addition of iron. E. histolytica trophozoites were fully viable in these experiments. These observations indicated that these cationic salts were not toxic to the parasites and reaffirmed the specificity of iron in regulating cytotoxicity. Fig. 5 shows that only cysteine proteinase inhibitors, such as E64 and leupeptin abolish iron-induced cytotoxicity in both normal and high iron media. The cytotoxicities were decreased to 20-40% levels compared with that without a proteinase inhibitor. These results indicate that amebic cytolysis depends on cysteine proteinase activity.
Adherence of E. histolytica to colonic epithelial cells occurs by a mechanism similar to their adherence to CHO cells [14] . Our studies showed that the adherence and cytotoxicity of E. histolytica trophozoites to CHO cells are modulated by concentrations of iron (Fig. 2) . These results confirm the importance of iron concentrations in increasing the cytoadherence and cytotoxicity of E. histolytica, and suggest that the extracellular iron concentration contributes to the virulence of this parasite. A study among Massai, African nomads with an unusual freedom from infection with E. histolytica, showed that the administration of iron to correct their dietary iron deficiency increased their susceptibility to amebiasis [9] .
Several investigators have observed an association between the expression of cytopathic activity by E. histolytica and cysteine proteinase activity [15] [16] [17] [18] . The results of the present study suggest that iron is an important factor in the adherence and cytotox- 
